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1«  introduction 

Bthylene  presently  is  becoming  increasingly . important  as  a  starting 
material  for  synthetic  rosins  and  other  organic  substances,  however,  the 
mixing  of  ethylene  and  air  presents  an  explosive  hazard  :n  plants  which 
handle  ethylene.  The  lower  explosive  limit  of  ethylene  in  air  is  2.8  per¬ 
cent,  and  2.9  percent  in  oxyger.[lj .  It  is  also  known  that  explosive 
incidents  of  unknown  origin  frequently  occur  at  air  separation  plants 
which  separate  nitrogen  and  oxygon  for  industrial  use [2].  There  has  been 
recent  suspicion  that  the  sudden  oxiuation  of  hydrocarbons  accumulated  in 
the  liquid  nitrogen,  particularly  unsaturated  compounds  like  acetylene 
and  ethylene,  could  be  responsible  for  these  explosions [3 3  •  There  is 
need,  therefore,  for  a  simple  method  to  determine  ethylene .  It  is  not 
overstating  the  case  when  we  say  that  there  is  no  method  available  as  yet 
which  will  fulfill  the  objectives  mentioned  above.  The  authors  reported 
on  the  use  of  detector  tubes  in  explosion  prevention  with  respect  to  the 
detection  of  acetylene [Uj,  and  the  following  is  a  concise  description. of  the 
application  of  detector  tubes  to  the  determination  of  ethylene. 

2.  Analytical  Equipment  and  Operating  Procedure 

(a)  Analytical  equipment:  The  analytical  equipment  included  the  gas 
collector  and  detector  tubes.  The  ga s  collector  was  a  30  cc  or  100  cc 
syringe  made  of  glass  or  metal. 

The  ethylene  detector  tube  was  prepared  by  letting  ammonium 
molybdate  and  palladium  sulfate  permeate  4O-6O  mesh  silica  gel,  vacuum 
drying  this  gel  material  at  room  temperature,  end  packing  0.30  g  of 


ca'"uT  ,rla''y ^ a  thin  glass  v.-xo  of  2  ran  I.D.  (total  length  of 
paciced  column  o-o  cm).  A  small  amount  of  glass  beads  v;crc  pi- ccd  at 
oi  ler  ena  of  one  paciced  column  to  prevent  contact  between  this  detector 
material  and  the  cotton  plugs,  ‘■‘■'ho  two  ends  of  this  glass  tube  were  then 
sealed  tc  protect  tho «'on tents .  This  detector  tube  has  a  light  yellow 
coloi  which  on  exposure  to  ethylene  generates  a  lower  molybdenum  oxide 
U4oo0o,  which  imparts  a  brilliant  deep  blue  color.  Measuring  the  ler,is 
of  this  coiorod  column  tioon  gives  a  maasui'e  of  tiu  ethylene  conccnirutith. 

(b)  Operating  procedure 


.  First  of  all,  both  ends  of  the  detector  tube  were  cut  off  with  the 
aid  of  a  file*  1'he  gas  to  be  analysed  was  drawn  into  the  gas  collector 
after  which  the  detector  tube  and  gas  collector  were  connected  together 
with  a  ohort  length  of  thick  wall  rubber  tubing,  'ihe  gas  to  be  analyzed 
was  passed  through  the  detector  tube  at  the  flow  rate  of  10  cc  per  UO 
seconds  or  1|Q0  cc  per  UOO  seconds.  The  ethylene  concentration  in  the  gas 
.  being  analyzed  was  determined  with  the  use  of  Figs.  1  and  2  and  applying 
the  temperature  corrections  of  Tables  1  and  2.  The  description  of  the 
use  of  these  figures  and  tables  are  deleted  here  (see  Part  1[£>J). 


~  3.  Ethylene  Concentration  Tables  and  Temperature  Correction  Tables 

The  ethylene  concentration  tables  shown  in  Fig3.  1  and  2  and  the 
temperature  correction  tables  of  Tables  1  and  2  were  derived  in  the  manner 
described  below.  v 

(a)  Preparation  of  ethylene  samples:  Pure  ethyl  alcohol  was  dripped  on 
to  activated  alumina  maintained  at  about  U00°C  to  generate  ethylene  gas 
which  wa3  purified  by  passage  through  a  layer  of  silica  gel  to  remove 
impurities.  This  gas  was  stored  in  a  dry  and  clean  glass  bottle  of  about 
•  20  liter  capacity.  The  ethylene  concentration  in  this  gas  was  determined 
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a  50-100  cc  volu^ie  into  a  gas  collector,  ant  this  gas  was 
•  :to  a  potacsiur.  troraide-potassiuia  fcroraafce  solution  acidified 
chloric  acid.  This  solution  v;as  then  titrated  with  standard 
self a to  solution  to  establish  the  ethylene  concentration^  J , 
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V.f.c-vLty  of  vos  passage  through  detector  tubs:  A  variation  in  the 
,--~d  at  -...licli  the  cample  gas  passes  through  the  detector  tube  will  ecu.  o 
riatlo...v  in  :,he  leupth  of  the  colored  zone  for  any  given  concentration 


Figure  2 .  Sthylene  Concentration  Table 


Table  1.  Table  for  temperature  Correction 
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Key:  1.  reading  on  concentration  table  (£) 

(c)  Volume  of  gas  passed  through:  Gas  of  constant  composition  was  passed 
through  at  constant  flow-through  rate,  and  the  relation  between  the  volume 

.  of  gas  passed  through  and  the  length  of  the  colored  portion  of  the  de¬ 
tector  tube  was  determined*  The  length  of  this  colored  portion  gradually 
increased  with  increasing  volume  of  gas  passed  through,  however,  the 
length  was  not  proportional  to  the  volume.  Taking  into  account  the  range 
pf  concentrations  to  be  determined  and  the  operating  conditions,  V  a  10  cc 
and  V  *'100  cc  were  selected. 

(d)  Correction  for  the  inner  diameter  of  the  detector  tube:  The  inner 

diameter  of  the  glass  tubing  used  to  prepare  these  detector  tubes  is  not 
necessarily  constant  so  that  fixing  the  weight  of  detector  material  to  be 
packed  into  each  tube  will  cause  variations  in  length  L  of  the  packed 
material  due  to  the  constancy  in  density  of  the  material  and  the  .uneven 
cross  section  of  the  tubing.  In  this  case,  the  length  of  the  colored 
layer  1  of  a  gas  of  fixed  ethylene  concentration  is  proportional  to  the 
length  of  the  packed  column.  By  determining  the  ratio  (  x  80) 

in  which  2  0  is  the  length  of  the  colored  zone  in  tube  of  standard  packing 

■  length^  it  is  possible  to  determine  the  ethylene  concentration  independent 
of  the  inner  diameter  of  the  tubing. 

(e)  Relation  between  the  length  of  the  colored  layer  in  the  detector 

■  tube  and  ethylene  concentration:  Sample  gas  was  collected  with  the  30  cc 
,  gas  sampler,  and  a  volume  of  10  cc  was  cent  through  the  detector  tube  in 

the  course  of  hO  seconds.  The  relation  between  the  length  of  the  color 
layer  that  was  developed  and  the  corresponding  ethylene  concentration 
was  then'  determined.  The  plot  of  this  relation  taking  the  ordinate  to  be 
the  length  1 0  (mm)  of  the  colored  layer  and  the  abscissa  to  be  the 
ethylene  concentration  is  shown  in  Fig.  3.  (The  curve  for  V  »  100  cc  and 
T  *  1;00  sec  is  not  shown  here).  Using  the  inner  diameter  correction  for 
;  the  detector  tube  and  the  relation  between  the  length  of  the  colored  layer 
•  and  the  ethylene  concentration,  ethylene  concentration' tables  shown  in 
Figs.  1  and  2  covering  the  range  0.05-1.2  percent  arid  0.002-0.12  percent 
.'wore  constructed.  The.  detection  limit  hero  was  about  0.00005  percent 
(7  -100  cc,  ?  -  1*00  sec).  ‘  ;  . 
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•  ra  i/Urc  of  the  da  ter  .  ’ r-aiion:  The  length  c0  of  the  colored 
-*‘C  Leoictor  tv.;.;  aluo  •varies  ith  the  temperature  of  the  ce- 
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Uho  rr.n.^e  represented  by  the  curves  in  Fig.  1),  increasing  temperature  V  ; 
wrought  auout  a  slight  but  linear  increase  in  the  length  of  this  -'colored'" 
Asyur.  On.  t::o  other  hand,  this  length  conversely  decreased  with  in- 
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pass,  anu  in  contract,  the  volume  expansion  and  reaction  velocity  effects 


ce  ccr.ir.g  more  important physical  adsorption  effects  in’ theft 
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figure  3*  delation  Between  the  Length  of 


Colored  Layer  and  Ethylene  Concentration  >.;•  'XI' | ••••’  “4-*'*<* '^-.T 
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determination.  The  results  showed  the  mean  error  in  'each  case  to  be 
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The  effect  of  other  gases  on  this  detector  tube  was  discussed linArf tv ‘A  A 

the  paper  on  the  determination  of  acetylene [U]  and  is; not  discussed  here^{>  .4tl4  • ' 


$•  Summary  .  't-  '  A  *:£;*• 

■  fy'i'J  •• 

(1)^  A  mixed  solution  of  ammonium  molybdate  and  palladium  sulfate  was 
sorbed  onto  silica  gel  particles  which  wero  thenciricd  in  vacuum,  to  — ■■■■■  ’ ‘ 
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sorbed  onto  silica  gel  particles  which  wero 


“dried  in  vacuum- to 
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^  prepare^  gas  detection  material  /hich  was  loaded  into  a  thin  glass  tuba  to 
malco  the  detector  tube.  ^  : . 


(2)-* Using  a  gas  sampler  and  running  a  10  cc  gas  sample  through  the  tube 
in  hO  seconds  or  100  cc  in  hOO  seconds,  ethylene  concentrations  in  the 
range  0.05-1.2  percent  end  0.0G2-0.12  percent  can.  be  determined  within  a 
few  seconds. 


(3)  -^Thc  effects  of  vcvxouo  parameters  on  the  length  of  the  colored  Iryor 
,  of  the  detector  tube  were  studied,  and  direct  reading  concentration  and 
temperature  cor re ction  tables  were  constructed.  Precision  studies  showed 
the  reproducibility  to  be  adequate  for  practical  application.  ) 
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